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Abstract Nineteen leaf epidermis samples representing six species in Apios and two in 
Cochlianthus were examined for the first time using both light microscopy and scanning 
electron microscopy. Leaf epidermal characters of these two closely related genera, such as 
shape of cells, pattern of anticlinal walls, cuticular membrane and wax ornamentation, are 
usually stable within species and thus of great significance in understanding the relationships 
between and within genera. The results indicate that (1) A. gracillima Dunn should be 
recognized as a distinct species, not a variety of Apios delavayi Franch., (2) the division of 
Apios into two subgenera is unreasonable, and (3) Apios and Cochlianthus are retained as two 
distinct genera. 
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The genera Apios Fabr. and Cochlianthus Benth. are members of subtribe Erythrininae, 
tribe Phaseoleae in the subfamily Papilionoideae of Leguminosae. Apios is distributed in East 
Asia and North America, consisting of no more than 10 species, and Cochlianthus, which is 
restricted to East Asia, has only two distinct species. These two genera have long been 
considered to be very closely related (Li, 1952; Hutchinson, 1964; Lackey, 1981; Woods, 
1988; Li, 1995). 

Apios has great economic importance. It has been used as food because of its high dry 
weight protein content and genistein, an anticarcinogenic compound, found in its edible tubers 
(Safford, 1925; Haskin, 1929; Walker, 1939; Duke, 1984; Blackmon, 1986; Vietmeyer, 1986; 
Walter et al., 1986; Krishnan, 1998). Extensive research has been done on the genus, 
including studies on reproduction (Bruneau & Anderson, 1988), pollination (Westerkamp & Paul, 
1993; Bruneau & Anderson, 1994), cytology (Atchison, 1949; Lewis et al., 1962; Seabrook & 
Dionne, 1976) and evolution (Joly & Bruneau, 2004). The genus Cochlianthus has rarely been 
studied. However, there are few taxonomic revisions of these two genera, other than that of 
Woods (1988), whose work was mainly based on gross-morphology. 

Leaf epidermal features have a number of advantages as taxonomic markers. They are of 
value not only in making taxonomic decisions but also in developmental and evolutionary 
studies (Stace, 1984). The leaf epidermal features in Apios and Cochlianthus, however, have 
not yet been examined. The purpose of this study is to find significant taxonomic characters 
of the leaf epidermis for a better understanding of the relationship and positions of the two 
genera in tribe Phaseoleae. 





Received: 1 February 2005 Accepted: 7 April 2007 
Supported by the National Natural Science Foundation of China, Grant Nos. 30570117 & 30270105, and the Set-up Fund from 
the Chinese Academy of Sciences to the Excellent Post-doctor. 

* Authors for correspondence. E-mail: xiangyunzhu@ibcas.ac.cn, xjzkjyc@163.com; Tel: 86-10-62836111. 


No. 3 REN et al.: Systematic significance of leaf epidermal features in Apios and Cochlianthus 215 


1 Material and methods 


Mature leaves of 19 specimens representing six species in Apios and two in Cochlianthus 
were collected from PE, E and GH (Table 1). The leaves for light microscopy (LM) study 
were boiled in water before maceration in 20% NaClO solution. Pieces of leaf epidermis were 
stained in a solution of 1% safranin (in 50% alcohol) before being mounted in gum. To check 
the constancy of epidermal structure, three leaves were collected for each species, and at least 
three slides were made from different parts of a single leaf. The stomatal index (I) was 
calculated using the formula I=S/(E+S) X 100, where S denotes the number of stomata per 
unit area and E the number of epidermal cells of the same area. Materials for scanning 
electron microscopy (SEM) observation were directly mounted on stubs without any 
treatment. After gold-sputtering, the specimens were examined and photographed under a 
Hitachi S-800. 

The terminology followed that of Wilkinson (1979) and of Dilcher (1974). 


Table 1 Source of materials 





Species Locality Voucher 

Apios americana Medik. Massachusetts, U.S.A. V. Bates & I. S. Elsik 218 (PE) 
Maine, U.S.A. J.C. Solomon & A. Solomon 20056 (PE) 
Florida, U.S.A. J. S. Miller & M. C. Merello 9063 (PE) 

A. priceana B. L. Rob. Mississippi, U.S.A. J. D. Ray 6728 (GH) 
Tennessee, U.S.A. H. K. Svenson 7325 (GH) 

A. carnea (Wall.) Benth. ex Baker Zhongdian, Yunnan, China B. Ren 80 (PE) 
Bomi, Xizang, China B. S. Li & C. C. Ni 6855 (PE) 
Fengjie, Sichuan, China Z. R. Zhang 25930 (PE) 

A. delavayi Franch. Zhongdian, Yunnan, China B. Ren 78 (PE) 
Zayü, Xizang, China C. C. Ni 180 (PE) 
Kangding, Sichuan, China K. Y. Lang & L. Q. Li 1250 (PE) 

A. fortunei Maxim. Without precise locality, Anhui, China Y. L. Kang 950 (PE) 
Hangzhou, Zhejiang, China S. Y. Zhang 1402 (PE) 
Xianyou, Fujian, China Y. Lin 437 (PE) 

A. gracillima Dunn Dongchuan, Yunnan, China H. D. Mclaren L111 (E) 
Lijiang, Yunnan, China E. E. Maire 731 (E) 

Cochlianthus gracilis Benth. Cona, Xizang, China Qinghai-Xizang Exped. 2444 (PE) 
Cona, Xizang, China Qinghai-Xizang Exped. Supplement Team 

751695 (PE) 
C. montanus (Diels) Harms Zayü, Xizang, China G. Forrest 6108 (PE) 
2 Results 


2.1 Characteristics of leaf epidermis under LM 

Hairs were abundant on both adaxial and abaxial epidermis of the two species of 
Cochlianthus, but only present slightly on the veins and veinlets of the six species of Apios. In 
most species, the epidermal cells were irregular in outline, with sinuolate (Figs. 7, 8, 12, 15, 
16) or sinuate (Figs. 1-5, 9-11, 13) anticlinal walls, and the shapes of epidermal cells of a 
same species were similar on both adaxial and abaxial sides. In only one species, Apios 
gracillima, the shape of adaxial epidermal cells was polygonal with straight to arched 
anticlinal walls and the abaxial epidermal cells were irregular with sinuolate anticlinal walls 
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Figs. 1-8. Characteristics of adaxial epidermal cells in Apios and Cochlianthus under LM. 1. A. americana. 2. A. priceana. 
3. A. carnea. 4. A. delavayi. 5. A. fortunei. 6. A. gracillima. 7. Cochlianthus gracilis. 8. C. montanus. 
Scale bar = 50 um. 
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Figs. 9-16. Characteristics of abaxial epidermal cells in Apios and Cochlianthus under LM, type of stomatal apparatus. 
9. Anomocytic of A. americana. 10, 11, 13. Laterocytic. 12, 14-16. Paracytic. 10. A. priceana. 11. A. carnea. 12. A. 
delavayi. 13. A. fortunei. 14. A. gracillima. 15. C. gracilis. 16. C. montanus. 

Scale bar=50 um. 
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(Figs. 6, 14). Stomata appeared only on the abaxial epidermis of all species. The stomatal 
apparatuses were anomocytic (A. americana, Fig. 9), laterocytic (A. priceana, A. carnea, A. 
fortunei, Figs. 10, 11, 13), or paracytic (A. delavayi, A. gracillima, C. gracilis, C. montanus, 
Figs. 12, 14-16), with anisocytic stomata occasionally observed in some species (A. priceana, 
A. delavayi, A. gracillima, C. montanus, Figs. 10, 12, 14, 16) (Table 2). The stomatal index 
measured on these eight species ranged between 16.1 and 26.3 (Table 2). 


Table 2 The characters of leaf epidermis in Apios and Cochlianthus under LM 











Species Adaxial epidermis Abaxial epidermis Size of Stomatal Stomatal Other types of 
Shape of Patternof Shape of Patternof  Stomata index type stomatal apparatus 
cells anticlinal cells anticlinal (um) occasionally 

walls walls observed 

Apios americana Irr Sin Irr Sin 24.6X 14.8 26.3 Ano Lat 

A. priceana Irr Sin Irr Sin 23.6X 16.2 19.2 Lat Ani 

A. carnea Irr Sin Irr Sin 23.8 X 14.8 23.0 Lat Ano 

A. delavayi Irr Sin Irr Si 23.4X 17.6 19.4 Par Ani, Ano 

A. fortunei Irr Sin Irr Sin 28.0 X 17.8 18.9 Lat - 

A. gracillima Pol Str-are Irr Si 25.0X 19.2 24.0 Par Ani 

Cochlignihus Irr Si Irr Si 26.2X204 15.1 Par Ano 

gracilis 
C. montanus Irr Si Irr Si 21.4X 12.4 19.5 Par Ani, Ano 


Ani, anisocytic; Ano, anomocytic; Irr, irregular; Lat, laterocytic; Par, paracytic; Pol, polygonal; Si, sinuolate; Sin, sinuate; 
Str-arc, straight to arched. 


2.2 Characteristics of leaf epidermis under SEM 

The cuticular membrane was smooth (Figs. 20, 22, 24, 30), striate (Figs. 17, 18, 21, 
26-29), ridged (Figs. 19, 25, 31, 32) or reticulate (Fig. 23). The wax ornamentation, if 
present, was flake-like (Figs. 20, 22, 24, 30-32), scale-like (Figs. 17-19, 25) or granular 
(Figs. 21, 26). The inner margin of the outer stomatal rim was smooth in Apios carnea (Fig. 
35) and A. fortunei (Fig. 37), and undulate in the other species (Figs. 33, 34, 36, 38-40) 
(Table 3). 


Table 3 The characters of leaf epidermis in Apios and Cochlianthus under SEM 








Species Adaxial epidermis Abaxial epidermis Inner margin of 
Cuticular Wax Cuticular Wax outer stomatal rim 
membrane ornamentation membrane ornamentation 

Apios americana striate scale-like ridged scale-like undulate 
A. priceana striate scale-like striate granular undulate 
A. carnea ridged scale-like striate invisible smooth 
A. delavayi smooth flake-like striate invisible undulate 
A. fortunei striate granular striate invisible smooth 
A. gracillima smooth flake-like smooth flake-like undulate 
Cochlianthus gracilis reticulate invisible ridged flake-like undulate 


C. montanus smooth flake-like ridged flake-like undulate 
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Figs. 17-24. Characteristics of adaxial epidermal cells in Apios and Cochlianthus under SEM. 17. A. americana. 18. A. 
priceana. 19. A. carnea. 20. A. delavayi. 21. A. fortunei. 22. A. gracillima. 23. C. gracilis. 24. C. montanus. 
Scale bar=10 um. 
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Figs. 25-32. Characteristics of abaxial epidermal cells in Apios and Cochlianthus under SEM. 25. A. americana. 26. A. 
priceana. 27. A. carnea. 28. A. delavayi. 29. A. fortunei. 30. A. gracillima. 31. C. gracilis. 32. C. montanus. 
Scale bar=10 um. 
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Figs. 33-40. Characteristics of stomatal apparatus in Apios and Cochlianthus under SEM. 33. A. americana. 34. A. 
priceana. 35. A. carnea. 36. A. delavayi. 37. A. fortunei. 38. A. gracillima. 39. C. gracilis. 40. C. montanus. 
Scale bar=10 um. 
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3 Discussion 


No consensus has been reached on the number of species in Apios (Li, 1952; Hutchinson, 
1964; Lackey, 1981; Woods, 1988; Li, 1995). Since de Candolle (1825), there has only been 
one worldwide revision of Apios by Woods (1988), who recognized five species in this genus: 
A. americana, A. carnea, A. delavayi (including A. delavayi var. gracillima), A. fortunei and 
A. priceana. After observation about sixty specimens of A. gracillima and A. delavayi, Woods 
believed that they are not different in growth habit, leaflet size, pedicel length and 
inflorescence, and the only difference between them is that the flower of A. gracillima is 
purple while the A. delavayi is greenish. In his opinion, A. gracillima does not merit 
recognition as a distinct species, but should be treated as a variety of A. delavayi. 

From 200 specimens examined, we have found some distinct and stable features between 
A. gracillima and A. delavayi: the flower in A. gracillima is from red to purple and the leaflets 
are obtuse at apex with a small mucro, while in A. delavayi, the flower is from yellow-green 
to pale violet and the leaflets are acuminate at apex. This study shows that the leaf epidermal 
characters of these two taxa are also very distinct: on the adaxial epidermis, the cells are 
polygonal and the anticlinal walls are straight to arched in A. gracillima (Fig. 6; Table 2), 
while in A. delavayi, the cells are irregular and the anticlinal walls are sinuate (Fig. 4; Table 
2); on the abaxial epidermis, the wax ornamentation is flake-like in A. gracillima (Fig. 30; 
Table 3), while in A. delavayi, the wax ornamentation is invisible (Fig. 28; Table 3). The leaf 
epidermal features as well as the gross-morphological evidence, therefore, support the 
treatment of A. gracillima and A. delavayi as two distinct species. 

Robinson (1898) described Apios priceana and noted that the corolla in this species was 
somewhat peculiar, with the standard having a thick, spongy, knot-like prolongation at apex. 
Based on this character, Robinson (1898) divided the genus Apios into two subgenera: 
subgen. Tylosemium, which includes only one species, A. priceana, and subgen. Euapios, 
which includes A. americana, A. carnea, A. delavayi and A. fortunei. Woods deemed that this 
subgeneric classification is not justified, as the same standard in all species of Apios, a 
prolongation at apex, although in some species the prolongation is greatly reduced (Woods, 
1988). By examining more than 1000 Apios specimens, we also found that in all Apios 
species, the standard is connate and prolonged at apex. And our results of leaf epidermis, 
including shape of cells, pattern of anticlinal walls, cuticular membrane, wax ornamentation 
and type of stomatal apparatus, support Woods’s view that there is no distinct epidermal 
apomorphy separating A. priceana from the remaining species of Apios (Tables 2, 3). 

Apios and Cochlianthus are usually regarded as very closely related. They were grouped 
by Lackey (1977, 1981) as they share a spirally coiled style, a character which is not seen in 
any other groups in subtribe Erythrininae, tribe Phaseoleae. Woods (1988) recognized Apios 
and Cochlianthus as two separate but closely related genera based upon morphological 
criteria: in Apios, standard petal ovate to ovate-lanceolate, the auricle of the wing petal shorter 
than 2 mm, keel petal curved slightly, leaflets 5—7; in Cochlianthus, standard petal elliptic to 
rhombic, the auricle of the wing petal longer than 2 mm, keel petal curved strongly, leaflets 3. 
Based on both herbarium and field observation, we noticed that the leaves of Apios are 
primarily 5 or 7-foliolate, rarely 3-foliolate, almost glabrous to slightly velutinous on the 
veins and veinlets, while the leaves of Cochlianthus are exclusively trifoliolate, and densely 
tomentose on both surfaces. Leaf epidermal characters also showed some difference between 
these two genera: in Apios, anticlinal walls sinuate or straight to arched, wax ornamentation 
scale or gross flake-like, while in Cochlianthus, anticlinal walls sinuolate and wax 
ornamentation condense flake-like (Tables 2, 3). Accordingly, we thought that Apios and 
Cochlianthus could be recognized as distinct and the relationship between the two genera may 
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not be so close as it was previously regarded. 

The positions of Apios and Cochlianthus in subtribe Erythrininae, tribe Phaseoleae, are 

poorly understood. It is well established that Phaseoleae as currently circumscribed is not a 
monophyletic group and Erythrininae is also a highly polyphyletic assemblage of taxa 
(Lackey, 1981). Lackey (1977, 1981) suggested that subtribe Erythrininae is completely 
artificial and probably includes several independent lines with unknown nearest relatives, 
which is supported by DNA data (Bruneau et al., 1994; Wojciechowski et al., 2004). Based on 
the numbers of leaflets, Lackey held that some genera, including Apios and Cochlianthus, are 
suspected as imposters in the Phaseoleae. Therefore, additional evidence for interpreting the 
positions of Apios and Cochlianthus in tribe Phaseoleae, as well as the relationship between the 
two genera, is needed. 
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